The capacitance between two adjacent nodes on an infinite square grid of identical capacitors can easily be found by superposition, and the solution is found by exploiting the symmetry of the grid. The mathematical problem presented in this work involves the solution of an infinite set of linear, inhomogeneous difference equations which are solved by the method of separation of variables.
Introduction
The electric circuit networks has been studied well by Kirchhoff's 1 more than 150years ago, and the electric-circuit theory is discussed in detailed by Van der Pol and Bremmer 2 where they derived the resistance between any two arbitrary lattice sites. Later on, at the ends of the eighties of the last century the problem is revived by Zemanian 3 , where he investigated the resistance between two arbitrary points in an infinite triangle and hexagonal lattice networks of identical resistor using Fourier series. For hexagonal networks, he discovered a new method of calculating the resistance directly from the networks.
The problem is studied again by many authors 11 4 . For example, Cserti 8 and Cserti et. al 9 introduced in their papers how to calculate the resistance between arbitrary nodes for different lattices where they presented numerical results for their calculations. In recent works, we used Cserti's method to calculate theoretically the resistance between arbitrary sites in an infinite square and Simple Cubic (SC) lattices and experimental comparison with the calculated values are presented 10 , 11 . Finally, Wu 12 studied the resistance of a finite resistor network where the resistance between two arbitrary nodes is obtained in terms of the eigenvalues and eigenfunctions of the Laplacian matrix associated with the finite network.
Little attention has been paid to infinite networks consisting of identical capacitances C. Van Enk 13 studied the behavior of the impedance of a standard ladder network of capacitors and inductors where he analyzed it as a function of the size of the network. In this paper we investigated analytically and numerically the capacitance between arbitrary lattice sites in an infinite square grid using the superposition principle. Also, the asymptotic behavior is studied for large separation between the two sites. An investigation of infinite complicated lattices and of lattices with missing capacitor (bond) is in progress.
The physical situation is illustrated in Fig. 1 . An infinite number of identical capacitors of capacitance C are connected to form an infinite square grid. The problem is to find the capacitance between arbitrarily spaced nodes. The basic approach used here is similar to that used by Paul 14 . Let a charge Q enter the grid at a node o r and let it comes out of the grid at a distant point. Removing the return point to infinity then the problem is invariant under 90 o rotation, so the charge flowing through each of the four capacitors connected to the node will be equal. Therefore 
Node Voltages Analysis
Consider an infinite square network consisting of identical capacitors such as that shown Fig. 1 . Let the nodes be numbered from minus infinity to plus infinity in each direction, and let the voltage at the node (m,n) be denoted by n m V , . Applying Kirchhoff's laws at node (m,n). Thus, one may write:
If at node (m,n) the charge equal to zero, then Eq. (1) reduces to:
Now, let a charge Q enter the node (0,0) and leave at infinity. Then  Q, m=n=0
Equations (1 and 2) are the finite difference equivalent of Poisson's and Laplace's equations, respectively.
Solution by Separation of Variables

4
Although the method of separation of variables is commonly applied to partial differential equations having suitable boundary conditions, it is equally applicable to difference equations 15 . Consider
(5) Substituting Eq. (5) into Eq. (2), we obtained the following:
The above equation can be rewritten as:
Thus, Eq. (2) is satisfied provided that:
Noting that our aim is to solve the problem with a source at (0,0), this implies that:
Therefore, take
The above functions n m V , do not satisfy the source-free difference relation given by Eq. (2) along the lines n=0 and m=0. This is due to the absolute value sign in the exponential terms, so there will be residual charges entering or leaving the grid at each node along these lines.
To find the external charges 
Using Eq. (8), then Eq. (11) can be simplified as:
In a similar way, for
(13) Again, using Eq. (8) we can simplify Eq. (13) as:
Charge Entering at (0,0)
The assumed node voltage pattern 
From Eqs. (12 and 13), we have:
and 
Note, that  is a function of  . They are related by Eq. (8).
Capacitance between Two Points in a Large Grid
We mentioned earlier that the capacitance between (0,0) and (m,n) could be obtained directly from the solution of the problem in which the charge Q enters at (0,0) and leaves at infinity. In terms of the node voltages, the capacitance Table 1 below, and here are some special cases:
Using eq. (22) with n=m=0. Then
as expected. This can be explained as a parallel capacitance with zero separation between its plates. 
where we have used
The above result is the same as mentioned at the end of the introduction. We may explain this result as two identical capacitors connected together in parallel. 
So that
(27) Suppose m is large, then Eq. (23) can be rewritten as: (28b) 8 The first integral can be expressed in terms of the exponential integral Ein(z)
The second integral can be integrated numerically, and it is found to be . So, 3 I can be neglected. Thus, Eq. (28) becomes:
For large values of its argument,
. Therefore, Eq. (30) can be rewritten as:
For reasonable values of m and n, the asymptotic form (i.e.: Eq. (31)) gives an excellent approximation, and from this equation we can show that as any of m and n goes to infinity then which is expected due to the inversion symmetry of the infinite square grid.
Results and Discussion
In this work, the capacitance between the site (0,0) and the site (m,n) ; in an infinite square grid consisting of identical capacitors is calculated using the superposition of charge distribution. The capacitance n m C , is expressed in an integral form which can be evaluated numerically or analytically. 9 The asymptotic form for the capacitance as m or/and n goes to infinity is investigated where it is shown that it goes to zero.
In Figs. (2-5) the capacitance is plotted against the site (m,n). Figures (3) (4) (5) show the capacitance n m C , as a function of the site (m,n) along the directions [10] , [01] and [11] . From these figures we can see that the capacitance is symmetric along these directions, and this is due to the inversion symmetry of the infinite square grid. Also, the figures show how the capacitance The site (m,0) The site (0,n) The site (n,n) 
